21855 .

NATIONAL LIBRARY BIBLIOTHEQUE NATIONALE
_ OTTAWA OTTAWA -
CANADA
.
NAME OF AUTHOR........ SAENOL D ... e HANG
—
TITLE OF THESIS...... [P0 ArAph LS. .. AnaA....... '-
{ ‘ N
S, Fe S 2 £ o eme es 1z /ﬂf(fé/”‘"/

..................................

' SDI'/ (bv\d ‘)"/(r'r..-%é/)(//'(ﬂ f5 EaAas’t

v
.......................................

' o"{ A /HPackes vic e /fa .
UNIVERSITY.. &/ «7/borrta . . GEalener oo e,

Permission is hereby granted to THE NATIONAL LIBRARY
OF CANADA to microfilm this thesis and to lend or sell copies

of the film.

The authorhreﬁerves other publication rights, and
‘neither the thesis nor extensive extracts from it may be
' printed or otherwise reproduced without the author's
wiitten permission. \ .

(Signed)....... TR A
PERMANENT ADDRESS:

----------

NL-91 (10-68)



[

THE UNTVERSITY OF ALBERTA )

RELEASE TORM'

NAM: OF AUTHOR L Amold Jacob Janz e
TITLE OF TIESIS Topographic, ﬂm.l 5}2?.1@? 1uences On, L i vuvusns

Vegetation, Soil and Their Nutrients Last

3 of the Mackenzie Delta

-

€0 0886006060000 0000680000 0008606 0¢e0V0E00CO0IOCSIIIIIOTLELITSLTLIUY

OEGREE FOR WHICH THISTS WAS PRESENTED Mo S it

YEAR T111S DEGREE GRANTED S 22 L AP

Permission is hcf&by granted to TIL UNIVERSITY OF
ALBERTA LIBRARY to reprodbcc single COpie§'of this
thesis and to lend or secll such cepies for privgtc,
scholarly or scicntifiE research purposes only. .
The author reserves other publication rights, and
- neither the thesis nor extensive extracté from it may
be printed or otherwise reproduced without the author's

written permission.

(Signed) W .. Q@Z

. PERMANENT ADDRESS:
| .65, Springwood Drive, . S: W,

Calgary; Alverta

@8 00 6 S5 09 000 B G0 OPBRESOELREESEILI OIS TIOYE

pATED  JOctober 11, . ... .... 1974



N\

THE UNIVERSITY OF ALRERTA
) : . ﬁ

»

TOPOGRAPHIC AND SITE INFLUENCES ON VEGFTATION, SOIL
Y
AND THEIR NUTRIENTS EAST OF THE MACKENZIE DELTA’

by

@ ARNOLD JACOB JANZ

A THESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

's

OF MASTER OF SCIENCE ;

DEPARTMENT OF BOTANY

EDMONTON, ALBERTA

JFALL, 1974



.3§

-
THE UNIVERSITY OF ALBERTA

P

Tl -
. -

FACULTY OF GRAI{IATE STUDIES AND RESEARCH
b
The undersigned certify that they have read, and recommend
to the Faculty of Graduate Studies and keseérch, for acceptance,
a thesis entitled ''Topographic and-site influénces on\vegetation,
soil and their'nuErients east of the Mackenzie Delta" submitted
by. Arnold Jacob Janz in partial fulfilment of the feqpirements

for the degree of Master of Science.

1 3

— - 7, -
Nt Eodrbrs....
Supervisor )

ooooooooooooooo



Y ' \ ’
. . . R . AY ' \
Three topographic positions (hilltop, midslope and depression) at‘

‘three locat1ons on the treeless uplands east of the Mackenzie Delta, were

compared for d1fferences in vegetat10n~and 5011 characteristics.
' KN

Moderately well drained to 1mperfectly drained soils on hilltops 2
and mldslopes dominated by low shrub-heath vegetation are assoc1ated
. with 30% deeper active layers, 30%: shallower surface organic horlzons w
'and 50- 100% greater concentratlons by weight of ava11ab1e phOSphorus
and potassium than poorly dralned depress1ons dominated by sédge-heath -
vegetation. Exchangeable ca1c1um and pH in the organic horizon, which
are highly correlated with each other are both significantly higher at
TUnunuk Point than at the other two sites -and are thought to be _partly
respon51b1e for the significantly lower phosphorus and pot3551um concentra-
tions found there. Total and available soil nitrogen concentrations are
| eimilar among stud}.sites and tepographic positions.

The nutrient content of the standlng ¢rop is gener;lly greatest on.
h111tops -decreasing downslope and being least in depressions. For nitro-
| gen, phosphérus and potassium, the d1fferences between h111tops and |
depressions are statistically significant. N1trogen and phosphorus contents

are 30% greater whiie potassium eohtents are 14% greater on hilltops than

depressions.



The phosphorus content of standing crop 1s 10 and 14% greater and
pota551um is 10 and 30% greater ‘at the Caribou H1115 and Tuktoyaktuk
vrespectlvely, than .at Tununuk Point. The calcium content 1§Jmore~than

100% greater at Tununuk Point than at the gther two sites.
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1.0 INTRODUCTION

- _4/
=L
Y

™~

Topography, and its effect

| the major factor 1nf1uenc1ng l%al vaxﬁ.auons* of'soﬂ and plant cmmunlty
patterns. ' Drew and. Shanks (1965) , in the northwestern part of the Yukon

Ternwry, attributed soil and plant cammmlty“pattems to the effects

of soil drainage, land surface age, snogcover, soil reaction and micro-'

relief. Tedrow et. al. (1958), classified soils of the north slope of

Alaska on a drainage catena.

In the Arctic, influences of topography are saneMmt accentuated
by the pi'esence of permafrost, which impedes vertical while encouraging
_llatera_l drainage. Drainage is generally a function of slope and soil
] particle size, bet in regiens underlain 'by permafrost, ‘slope becomes
-more important because of the barrier to drainage by permafrost. As
a result, the water table generally fluctuates seasonally within the
active layer, a layer which seldom exceeds a élépth of 60 cm by late
August in the upland study area east of the Mackenzie Delta (Fig. l)l.

Increased industrial act1v1ty in this area due to recent oil and
gas discoveries, has prompted mterest in natural, physmal and biolo-
..:glcal processes. - With this in mind, a study was conducted in 1971 and
1972 te identify and quantify c.hanges in sr-:7era1 veéetétien and seil
physvical and chemical parameters along topdgraphic gradients', and to
suggest. how these cha.lnges may be responsible for the distinct soil :

and plant commmnity patterns.

-



' &
FIG.) Study Area .
.. ‘\\

- ; ,
7 . |

Stedy Sire *

T
50

e o B L
a8 -




2.0 DESCRIPTION OF STUDY AREA v S
_ o ‘ - | : | .“
The'sfudy areégiieS'within the ArctiC‘Ceastal Plain;physiegraphic
’region,‘and Marine Tundra Climatic zone (Burns, 19731. Low precipitation
(10 to 20 em.annualiy),‘and short growing seasons are characteristie
of this afea“which lies within‘the'hontinuous penmafrost zone above the
Arcfic Circle. Inuvik and Tuktoyaktuk report a mean annual prec1p1tat10n
N of 26 and 12 cm, mean anﬁﬁaixegnperatures of -10 and -11 °C and frost-
free periods of 96 and 88 days repsectlvely (Burns, 1973). Break- up
- of river and lake ice occurs about mid-June and the area remains relat1ve1y

: cloud-free in spring till the end of June. July and August experlence
frequent cloud and fog along the coast and 1n1and

The gently rolling landscape east of the Mackenzie Delta has a

El

o . °
maximum relief of 100 m (Mackay, 1971) and consists. of Pleistocene
-4 : .

fluvial, mafdnefand lacustrine sediments frem two glaciations (Fyles,

1966; Rampgén, 1971), except for the northern Caribou Hills which have

sediment's- composed of Tertiary.gravels.

Steep slopes, and felatfvely flat hilltops and depressions are the
-/result of thermokarst lakes. These lakes cover 30 to 50% of the land
/ - surface (Mackay, 1963) (Fig. 2J. Areas occupied by the formerly thermally

/]

eroding lakes are presently occupied by sedge;heath vegeta;ion.:‘Low,“
shrub-Heatn'vegetagjen (Corns, 1974) ¢commonly occupies tills on hilltops

and midslopes.



, Figure 2.

General topogfaphy of th& study ‘areas
(this photo was taken approximately
60 kn north of Intiwik).



The study area near Tuktoyaktuk has 0.7 to 2.5 m of interbedded
sands and graveIS‘(Boudhar et al., 1967). Soils are coarse textured,
mostly sandy loams and slopes range from 6 to 14% with a relief of

o*
15 to 25 m.

Glaciofluvial sands and gravels, possibly up to 10 m thick, cover
most of the Tununuk Point area. In places they are capped by till
(Rampton, 1971). Soils are slighlty coarser textured here than at l

Tuktoyaktuk but topogaphic relief is similar with slopés-of 5 to 15%.

The stﬁdy‘area in the Caribou Hills consists of gravels and sands
dissected by meltwater channels some of which are presently occupied
by lakes (Mackay, 1963). Broad hills and more gentle slopes are,
characteristic of this érea. Slopes range from 4 to 12% with‘a.relief

of 30 to 40 m.

In all study locations, hilltops and midslopes with dwarf shrub-heath
vegetation are more subject to frost heaving than depressions with
sedge-heath vegetation. Frost boils or earth hummocks range from 0.5
to2m ih diamteter with a microrelief of 5 to 20 (o)} and.are separated
by 0.5 to.l m wide moss-filled depressions. Occasioﬁélly, mineral
soil which has been expelled upwards by the forces of frost action, has
buried former surface organic horizons. Soils in the Caribou Hills are .
genérally finer teifured and hills are broader than those at Tuktoyaktuk
'or Tununuk Point so that the mineral soil is exposed more frequently and,
thereforg fhe microreiief is more pronounced. On slopés the processes
of frost heaving énd downward mevement of the active‘layer over permafrost

,combine to create solifluction features.



3.0 METHODS

Sampling areas were selected near Tuktoyaktuk, Tununuk Point, and
the Caribou Hills. .Samp}ing was done within the first week in August
to r?duce seasonal phenological variation.. At each location, three areas
were chosen from air photos and ground reconnaiifance, each of which had
a sequence of low shrub-heath hilltop and midslope, and sedge-cottongrass-
heath botéﬁmland, Tﬁe 27 ﬁopographic positions are referred to as stands.

v

A30m baseline was laid out in each étand, and three randomly placed
0.25 m2 quadrats.were then placed on thp line. Live plant cover was’
‘estimated by species and clipped within ggch QUadrat., The clipped ma-
terial included all attached vascular plants and cryptogams which were
clipped at 2 cm below the cryptogam surface. Litter material was then
gathered from the same quadrat. After clippiﬂg, a soil pit was dug to
permafrost under each quadrat and the profile described according to
Canada Departmeht of Agriculture (1970). Ten ;oil samples were taken
within each stand from all importént horizons..'These were then composited

for one representative sample. Active layer depth measurements were made

with a graduated (1 cm) steel rod at 1 m intervals along the 30 m baseline.

Soil and vegetation samples were frozen and shipped to Edmonton to
be dried. Plant material from each qﬁadrat‘was‘dried at 80°C and then |
weighed. SoilsAwere wéighed,iair dried, then eighed again for field
moisture.determination.' Piant méterial was gggggd~to pass through a 60

mesh sieve and sent to the Alberta Department of Agriculture Soil and

A



Feed Testing Laboratory in Edmonton for analySes of nitrogen, phosphorus,

. potassium and calcium. Analyses followed a modified procedure of Horitz

(1965). ' \

Soil samples were evaluated for. color (Munsell color charts),

then'ground to pass through a 2 mm sieve. Part of each sample was sent

to the above named laboratory for analyses of available and total nitrogen,

available phosphorus and potassium. Laboratory analyses followed a modi-
fied procedure of Jackson (1958). ‘

Other soil analyses included texture by the hydrometer method
(Bouyoucos, 1951); losé oﬁ ignition (3 hours at 450°C); pH (soil paste-
glass electrode); the exchangeable c;:;;hs calcium, potassium and mag-
nesium by atomic absorption spectrophotameter after extraction with
ammnonium acétate; total'exchange capacity‘by atamié absorption spectro-
photometer analysis of sodium af%er sucéessive extractions with ammonium
acetate, sodium chloride and ammonium acetate; and available water )
after ceramic plate-extraction at 1/3 and 15 bars. ) . /// |

Statistical analyses of/the data 'including Duncan's multiple

range test, Student's t-test and the simple correlation coefficient

follow those described in Steel and Torrie (1960).

4



4.0 RESULTS . | \\
4.1 Topographic and site influences on vegetatidn \
4.1.1 Plant commnities |

In the uplands east of the Mackenzie Delta, plant commnities
consistently reflect the influence of the rolling topography. They
are the major visible expression of changés in topography. Other’para-
meters,-such as depth of the active layer and 5011 moisture, also
reflect topographlc changes and appear to be more d1rect1y respons1b1e

for plant commmity variation.

‘As this study was'closely related with the general vegetation survey
of Corns (1974), his vegetation classification is used. His study demon-
strates the effect of topograpiy on the distribution of vegetation types.
within this stud& area. He 1nd1cates that the domlnant vegetation type

"is the low shrub- -heath, whlch is character1st1c of hllItcps and gentle

- slopes. The sédge-heath subgroup which is part of the herb-low\sh;ub-

heath type, is usually situated on level to gentlelslope areas_belowk
the low shrub-heath type in topographic position. The medium shrub
CAinus) -heath type described by Corns, was not included invtﬁis study

due to its less extensive distribution.

In the Tuktoyaktuk region, Vaceinium vitis-idaea ssp..minus, and
Eriqphorum vagznatum SSp. \E\fsum are the dominant vascular spec1es in
sedge- heath depressmns wh11e Bnpetmn nigrum SSp. hermaphroditum,

- Vaammum mtw—zdaea ssp. mznus, Betula nana or gZanduZosa and Saliz -

glauca ssp. acutszlia dominate low shrub-heath units in midslope and

hilltop positions.

!
'
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Dominant species}\sedge-heath depressions at Tununuk Point are
Vaceiniwm uliginosum Ssp\_alpinum, Arctostaphylos rubra, pryaa Lntegmfalza
ssp. mtegmfolza, Carex spp. and'mmor amounts ' of Eriophorum vaginatum.
~ Vaceinium u(Ztgmosum, Dryas mtegmfolm and Arctostaphylos rubra are
dommant in low shrub-heath types in midslope and h111top po“s1t10ns
Vaceintum uZzgmoeum. is present in a11 topographlc p051t10 s in
~ the Caribou Hills. Other 1mportant spec1es 1nc1ude Vaccinium vitig-
idaea and Betula nana or glandulosa in most topographlc p051tions, K
while Eriophorum vaginatum along witil_Vacciniwn vitis-idaea, BEmpetrum
nigrum and Carex “spp. occuﬁy bottom positioﬁs. Le;fum palustre svsp.
decumbens is €airly common in mi&slepe and hilltop low shrub-heath
positions Qand often occurs in bottom positions as well.
The moss”component, having‘tﬁ:ot'al cover values ranging fram 15 to
80%, is the major component of the vegetation in all topographi@ poSitions.
In depressions, Sphagnum spp. ﬁredminete( growing mainlysin micro-
depressions around Eriophorum 'vaginatzon tussocks.. Tussock sides and tops ‘
_ appear to be \favorable microhabitats for heath species such as Ledum
paZuatre and Vgeeinium vztw-tdaea On mldslopes a.nd hilltops, mosses occur
}mostly in hollo\ws or micro- depressmns surroundmg and separating earth
hummocks. Here they provide msulatlon and aid in the formation of ice
- wedges between hummocks Mossés on mldslopes and h111tops do not form o
. as th1ck an 1nsu1at10n 1ayer’as do mosses in depressmns Vascular spec1es

" prefer habltats of hlgher micro- topographical p051t10ns and as Such are
found on the 51des and tops of earth hummocks and sollfluctlon features.



Several vascular spec1e§ 1nc1ud1ng Ledum aZustre, Vaceinium vitis-
Ldbea, ‘and Betula nana growing in depre551on po 1t1ons are not1ceab1y
chlorotic when compared to the same species in hlgher topographical

positions.
: {

~ One other difference amoﬁg topographic positions is the relatively
low cover of1woody.shrub species in depressionsrcompared to the other ,_'
positions, and the low cover ofihef%aceous species ineluding sedges
such‘as Carex spp. andvEriophorum vaginatun on midslopes and hiiltops.

4.1.2 Tissue nutrient composition ' \J'
Several investigations have been done eoncerning nutrient coupo-

sition on arctic and subarct1c vegetatlon Kellogg and Nygard (1951)
vhave analyzed several- forage species from a1p1ne arctlc tundra and
forest regions in Alaska. for crude prote1n,~phosphorus and ‘calcium, to
determine possible deficiencies for natiue animals. Pieper'(1963) near
Pt. Barrow, Alaska and Scotter (1972) in the Reindeer Gra21ng Preserve
north -of - Inuvik, N W.T. have reported seasonal nutrlent changes of some
major tundra spec1es Haag (1974) 1nvest1gated the influence of
fertilize;svon.nutrient confent of_native‘species from hilltop and
.bottom‘oosjtions near'Tuktoyaktuk, N.W.T. In the same area Younkin.
(1973) investigated differences in nufrieut coneents of Arctagrostis
~ latifolia and Calamagrostis canadénszs from dlsturbed and undlsturbed

tundra habltats

In this study, four major nutr1ents, n1trogen, phosphorus ca1c1um

and pota551um are examlned and their functlon br1ef1y descr1bed accordlng



Q

.

- Nitrogen -is an essential constltuent of prote1n and chlorophyll
> 4

in tEmperate plants e fbrms ‘most commonly a551m11ated by plants are
‘the nitrate'and ammonium ions. Phosnhorus is requlred in much- smaller
amountsvgy plants and occurs mainly in the inorganic orthophosphate ion
fbrm (H2 4), which is also the most abundant form found 1n some northern
areas (Saebg, 1968). A suff1c1ent supp}y of the orthophosphate ion
seens to aid roet growth, and protein synthesis (Tisdale and Nelson,
1966). ‘Potassium'is absorbed by piants as the potassium ion. It does
not forn an integral part of plant constituents, but its function appears
to be catalyfié CaIC1um is absorbed as the cation and is requlred by
311 higher plants and is related to proteln syntheses by its enhancement
of n1trate nltrogen uptake It may also be assoc1ated with activity of
enzyme systems and ion uptake. |
.1 Nitrogen (CnudeiProfeinké.ZS) . ¢

'Aaniﬂggp of the data reveal signif{cant differences in standing
.crop, litték and Betula nana leaf tissue nitrogen among topographic

positions (Tge 1). Concentrations of nitrogen are greatest in

intermediate in midslope positions and least in

hilltop materis
<

depression posftions.
.2  Phosphorus
- significant differbnces in standing crop and Betula nana leaf

AN A

tissue-phosphorus content occur between low shrub-heath types in

] -
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Table 1: Nitrogen __gzg?etgi_n) phorphorus and pot,assxum contents of standing
Ccrop, Betula nana leaf tissue and litter material among topographic

positions from all study locations (n = 9 + SE).

- 12 -

Mutrients and

~ Topographic Pos itions

Vegetation Components ‘Hilltop Midslope Depression
Nitrogen (%) ‘
Standing Crop 1.1 +005 a* 0.99 +0.02 a  0.84 +003 b
Litter 1.38 +0.03 al  1.23 + 0.04 1.05 +0.02° ¢
Betula nana leaf 1.83:+0.06 a¥ 1.76 #0.05 a  1.61 +0.05 b
Phophorus (%) :
Standing Crop. 0.104 + 0.003 a'  0.094 + 0.005 a  0.082 + 0.004 b
Litter’ 0.107 + 0.002 a® 0.096 + 0.003 ab  0.084 + 0.004 b
Betula nama leaf 0.25 +0.014 a  0.25 +0.014 a 022 +0.0% a
Potassium (%) - o ) oo
Standing Crop 0.28 +0.013 a®>  0.25 +0.007 b- 0.24 +0.01 b
Litter 0.15 +0.005 a  0.14 + 0.008 0.15 +0.01' a
Batula nana leaf  0.64 +0.022 a°  0.60 +0.026 a  0.53 +0.026 b
Calcium (%) , }_
Standing Crop 0.99° +0.19 a_ 0.96 + 0.16 a 0.7 +0.12 a
Litter 1.50 +0.25 - a2 1.5 +0.24 a ~ 0.88 +0.16 b
‘Betula nana leaf 0.68 + 0.03 1 0.77 +0.04 a 0.73 +0.06 a

1
AN

1 Any two means in a row not followed by the same letter are significantly d1fferent
at p = 0.01 (determmed by Duncan's multiple range test). '

S 2 Any two means in a row not followed by the same letter are s1gxuf1cant1y different

atp-oos.
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all study sites (Table 1). Phosphorus contents are highest in hiiltop

and midslope materials and lowest in depressioné.

Differences also occur among study sites, phosphorus being lowest
L

in materials from Tununuk Pt. and highest at.TUkteyaktuk—%Table 2).

.3 Potassim _ |

Potassium in standing crop, litter and Betuz; nana*ieaf’tissue
is greatest on hilltops and least in depressibns (Table 1); Slight
'differences'alsé occur among study sites, pdtg;siﬁm-being léast in |

material at Tununuk Pt. and greatest at Tuktoyaktuk CTab1e~2)m

.4 Calcium -

| No differences in standing crop and Betuln nana‘leafhtiésue calcium
occur émong topographic positions, but thil element'occurs'in much greater.
amounts in material ét IUnuhuk Pt. than attkhz/Gther fwo study sites .

(Table 2).

Litter materials from depression positions contain much less calcium
than those¢ from midslopes or hilltops (Table 1). Calcium concentrations
s are aléo_significant1y~greater in litter material at Tummuk Pt. than at,

Tuktoyaktuk and Caribou Hills (Table 2).



S

" Phosphorus, potassium and calcium contents of standing crop, Betula nana

- 14 -

/

0.66 + 0.01

bl

Table 2:
leaf tislie and litter material among study sites from all topographic
positions (n = 9 + SE). . .
: Locations
Mutrients and '
"Vegetation Components Tuktoyaktuk Tummnuk Pt, Caribou Hills
Phosphorus (3)
Standing Crop 0.096 + 0.003 a*  0.084 + 0.006 a 0.092 + 0.005 a
Litter 0.095 + 0,003 a 0.083 + 0.006 a 0.097 + 0.005 a
Betula nana leaf 0.28 + 0.005 0.18 +0.01 b 0.23 +0.016 a
5 -~
Potassium (%) J -
Standing Crop 0.303 + 0.059 0.228 + 0.037 b 0.249 + 0,022
Litter _ 0.16 + 0.01} 0.13 + 0.003 b 0.15 + 0,003
Betula nana leaf 0.63 + 0.065 a 0.53 + 0.056 b 0.617 + 0.09 a
Calcium () | S r : ,
Standing Crop . 0.71 +0.086 a 1.4 $0.15 b 0.58 +0.03 a
Litter. 1.15 +0.18 a 1.99 +0.20 b 0.78 +0.05 a
Betula nana leaf a 0.85 +0.05 b 0.67 +0.02 a

*  Any two means in a row not followed by the same letter are significantly different

atp= 0.05.9‘
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4.2 Topographic and sipe'inflﬁenées on soil characteristics
4.2.1  Soil morphology | |
Thé'dominant feature of soils in this stud} is the presence of
permafrost underlying the active iayer. This frozen barrier inhibits
drainage, thereby inducing anaerobic and hleyed prgfile cohdiE?ons |
-in all topographic positions. In addition, imperfectly drained
conditions are responsible for frost heéving within the active layer,
especially in midslope and hilltop positions where the active layer,
.*is deepér and total mineral soilbvolume greater than in depréssions.
Because of these frost processes soil formlng processes are masked,
maklng c13551f1cat10n difficult.
8 |
'§eyera1 soil classifEZations‘have been forﬁulated for other tundra
areas. These ciassifica;ions héve‘been based on general vegetationf \
and drainage characteristics (Kellogg and Nygard, 1951; Tedrow et. al.,
1958 and Tedrow and Cantion 1958) Under the classification system
/(used by Tedrow and assoc1ates in Alaska, depre351on soils in thlS study
could be class1f1ed as Meadow Tundra soils. H111top,and midslope soa}s .
became Upland Tundra soils. | |

“The Canadién system (C.D.A., 1970) s inadequate to descri;: hilltop
and midslope sqils in this study, becédse of the rapid horizontal profile
variations and frequent burial of surface ;nd ptﬁer.hbrizqns due to frost
heafing. The‘most usefﬁl classification is a recent tentative' system ,}
devised to include soils under the influence of frost heaving (Canada

Soil Survey Committee, 1973). Under this system,_dépreséion soils -are



-

L

o

classified ‘a‘é'Gleysolic Turbic and Static Cryo_solxs while hilltop and -
midslope soilé become Regosolic Turbic Cryosols. The discontinuous
Bn in the hummocks of hilltops and midslopes is responsible for the
Regosolic Subgroup classification of these soils. Occasionally,
hummocks with a Bm of greater than 10 an thickness were encountered

and fall into the Brunisolic Turbic Cryosol Subgroyp.

\
Several 5011 proflles have been descnbed by\larnocal (1972)§mrth -
of Ianlk N.W.T., in an mtens:.vely frost dlsturbed area. These 50115
have been called Cryic Dystric Brumsols under the C.D.A. (1970) system Q |
and would now be called Brunisolic Turbic Cryosols. Day and Rice (1964)
have described two hummock profiles. in the Cafibou Hills using the Canadian
system. The moderately well drained and imperfectly drained. humnocks Qére

classified as Subarcthc 0rth1c Regosol and Subarctic Gleyed Ac1d Brown
Wooded respectlvely ' ‘

The most extensive soils over permafrost in Alaska have been classified
as Histic Pergelic Cryaquepts by Allen et. al., (1968), under the 7th ép-
proxnnat:lyn 5011 c13551f1cat10n system (8011 Survey ztaff 1960 and 1967).
These soils are ¢anparable to mny soils underlam by permafrost in Canada
and Eastern Slbena, U.S.S. R Thick organic horizons, gleyed mineral
horizons, the presence, of permafrost at shallow depths, loamy or silty
textures, and bitried organic horizons arépa few common features of these
soils (Allen et. al., 1968). |

' ' | o ./ - .

Using the 7th approximation, soils in depressions could be called

Histic Pergelic Cryaquepts because of their thick organic horizons,
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| gleyed mineral horizons and the presence of pemafrest at ehallow depths.
Hilltop and midslope soils contain thinner ofga'nic herizops than depress_ion'
soils, so could be called Pergelic Cryaquepts, but this usu'a‘ily -applie$
only to hummock soils. No nemenclature exits in this classification which
descnbes the total sdil bedon including the’ complete cycle of huumock

L ] N
andhollow . . - T

.1 Depressmn p051t10ns (Figures 3 and 4)
Th1ck undecomposed orgamc hor1zons (10 to 30 cm) and shallow

_ ac.tlve layers (Table 3), are characterlstlc of soils in depressmns

"dominated by sedge-heath vegetat1on A sllghtly decanposed layer usually .
\lies under tﬁe upper fibric layer, A thin (1 cm) brownish horlzon of '
mixed partially decomposed orgaxiic aJ}d mineral matérial within a gleyed
mafrix may be present as the top mineral Hori.zon. Usualiy the sf:mcture
is amorphous but may be fine to medium granular. The lower part of

the soil profile is rieérly alvéays a thin (10 to 15 cm) mineral horizon
\g,bove the frozen zone thch“‘is gleyed w:'gth some mottles, andeis saturated
throughout the growing season (Pigure §). © Often the remains of ‘a buried

fossil tussock may be preserved at or below the freeze-thaw zone.

Roots of low shrubs and heaths when present are restricted to
the top 10 am of the organic horlzon, but herbaceous spec1es such as

E.'mophorwn vaginatum and the Carex spec1es extend the1r roots’ to the .

)

bottan ‘of the active layer.

-

e

On gentle slopes where soil movement may occur but moisture is =2

>

oy L - LN . ) ,
high, mineral soils may be exposed and the active layer is more vdriable
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Soil cross section in a dépression .topogtaphic posit‘ion,;(Augu'st 15)

,\r

Figure 4
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Figure 5.

Typicél 5011 proflle in -

a depression position.

r4y)
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Table 3: Active layer depths (cm) among topographié poisitions .
from all study sites (Aguust 5) (n = 30 + SE).

* e

Topographic Positions

Locations
‘ Hilltop Midslope Depression
: 'Iummulé'Pt.» 4022 49 + 37 ) 28 1 0.4
Caribou Hills 46 + 5.9 T o+ 3ss . 29+1.9
.Averg% - 4,4(,)1 2.7 a* 41+ 2.8 a ‘28‘1 1.2 b

[

‘-

| * Any two means in a row not followed by the same lette; are
51gn1f1cantly different at p = 0. of. T\fA

S
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in depth. This situation exists in one stand in the. Caribou Hills.

~f
P

The organic horizon pH in these bottom positidns ranges from 5.4

to 6.0 at Tununuk Pt and from 4 4 to 4.9 at Tuktoyaktuk and the Cari
Hills. M1nera1 horizons have a pH of 5.1 .to 5.9 at Tununuk Pt as Pﬂ
:oppqsed to 4.0 to S,O at Tuktoyaktuk and Caribou Hills.

In these sedge heath depresslon positions, .frost 1nduced surface
, ‘features are absent indicating that frost pr6cesses are not as 1ntens1ve
‘_'as in the better drained hilltops and midslope positions. The only
evidence of frost: 1nduced dlsruptlon within the active layer is the
- occasional buried fossil tussock or other organic material occurring
in the mineral r{giyn at the base of the active layer. Several reasons
may be given to explain this relatiue‘active layer stability. Fiest
.of all, ‘the actiue layer is.shallow, allewiné only a small volume ts‘“
be influenced by frost pfocesses Second}y, about 75% of the actlve
layer volume consists of organlc mater1a1 which is fairly compressible \
whén subJected to frost forces. The remaining saturated mineral p051t10n.
constitutes only 25% of the actlve layer volume, which is too small a
volume to part1c1pate_1n active frost heaving. |

-

-2 Midslope and hilltop positions (Figures‘6 and: 7)

There is no typ1ca1 soil proflle for mldslope or hilltop positions

: because of the extreme variation caused by frost heaV1ng A few charac— :

terlstlcs are typical though. The active layer is usually deepeSt through

\
hummocks or frost b011 tops where the organic horizon is shallowest or
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'Soil cross section in hilltdp and midslope topographic positions (August 15)

Figure 7
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missing, and shallowest in hollows surrounding the humocks where the

partly decomposed horizon is thlckest and least dense

In all study loca?ions, hilltops and midslopes with low shxub-heath'
vegetation are more subject to frost induced surface disturbances than de- -
pression. positions. This iSq indicated by the abundance of surface features

such as earth hummocks, and sollfluctlon stnpes and lobes on these- h1gher

topographlc_ p051t10ns

Earth humocks are most abundant on hilltops where th'éy vary con- .
siderably in ccmposition They range in size frcm 0.5 to 2 m in d1ameter
with a m1crore11ef of S to 20 cm and are separated by 0.5 to'1 m wide moss _

filled depressmns (Flgure 8)

The rooting zoﬁe of low shrubs end heaths is generally“reStri_cted
to the organ'ic horizon, which may extend to or below the permafrest' table.
However many ToOtS extend partway 1nto the m:.neral soil just under
| the organic horizon, and are probably partly repson51b1e for the fine
to medium granular structure often observed there. Soil frost pijocesses :
- may aiso cause this structure. o o
An 'amorphous ;horizbn extends down to peI:mafrost. Organic stams
or bufied organic matter may be scattered throughout' this horizon as
is doc_:umented .by Brown (1969) and Tai'nocai '(1;72.).. Roots are scarce

in this amorphous region of, the active layer.



[V

Figure 8. Typical soil profile in hilltop .
* .topographic positions. This one -
includes a hummock, (on_the right)
- and interhummock or hollow (on
. the left): Note the buried organic
‘ - material throughout the hummock.

e
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“The soil pH of hilltops and’mldslopes is 4.8 to 6 1, 5.8 t» 6 5
‘and 4.0 to 6.0 in organlc horlzons and 5.0 to 5.5, 6. 1 to 6.6 and
4.6 to 5.9 in m1nera1 horizons at Tuktoyaktuk, Thnuggt Pt. and" Can1bou
Hills respect1vely ’ '\ -
_ .
~ Organic horizdns at Tununuk Pt. are more umified than those at
the other two locatlons p0551bly due to greater decomposition rates .
because of hlgher pH and exchangeable calciumn. However the nutrient
status of soils and plants is generally lower there than at Tuktoyaktuk

\, .
and Caribou Hills where organic matter is not so decomposed.

The organic section of nearly ali_prbfiles is composed of at least
two horizons, each characteriéed by its decomposed condition. fhe majority
of profiles éxam%ned contain mesic surface horizons and humic sﬁbsurface'
orgénic horizons. On the'other hand, soils in depression positions

“have predominantly fibric surface organic horizons with mesic subsurface

1l

horizons. o .

4.2.2  Soil moisture

| Escessive water in soils is deleterious to bacterial activities

,Because the oversupply limits gaseous exchange and lowers the oxygen

' -supply. It has been shown that_qbtimum moisture levels for aerobic
Jbacteria activities are at 50 to 75% of tﬁe soil's water holding capatity
' (Alexandér, 1961). Douglas and Tedrow (1959) found that respiration
| of soil samples was more highly_cbrrelated‘with temperature than mois;ure,. .
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- Soil moisture is comnonly expressed on a dry weight basis, however,

it has been Suggested that a better evalt&tlon of soil moisture content
is given when moisture is expressed on a volume basis because it more
Closely defines: the moisture conditions encountered by plant roots
(Boetler 1968). This is only possible when bulk density of the soil B
material is kn_own. In this study bulk density is not known, but the
dry density of the 2 mm fraction is known, which at least provides a-
relative estimatg of vﬁriétibn of.ofganic'horizm deﬁsity ahd misuxré(
among topographic positions. | |

<

N
4

Table’h indicates that soil moisture in relation to the volume and

weight of dry soil is\frmch greater in organic horizons of bottam

positions than in mid and hilltop positions.. . .
N |

Table 4: Organlc horizon field moisture on a volume and welght ba51s

<

’

among topographic p051t10ns from all’ study sites.

<)
\
. \\ B ‘\‘
: = S
Soil Moisture Topographic Positions
Hilltop Midslope =~ Depression S

Volune basis (1) S8+ 4.5 a*  57+7.8 al 79+ 3.8 b
Weight basis (3) 157 +13 a . 165+7 a 282+15 b

*  Any two means in a row not followed by the same letter are significantly
. different at p<0.01. Y _
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Variation of water retention properties of the surface organic |
horizons accompany variations in topography.- At 1/3 bar tensions, .
the water retained is 99, 1'14_-and 12??'of the dry soil weight in hill-
top, midslope and depression positions respeetiveiy. At 1S bar tensions,
water retained is 88, 99 and 112% of dry weight in hilltop, midslope),
and depression positione respectively. Differences between hilltop
and depression,positione are significant at p = 0.01 for both tensions.
'Although the greatest_water:hoiding capacitieglare.found i organic
horizonsﬁof depressrons, available water, as measured by the difference
between the~amonnt of water held at 15 and 1/3 bars, does not 'vary |
among topographic positioﬂs No conSistent<variation in the water
holdlng capac1t1es of the mineral portion of the active layer §§ evident.
It appears that field m01sture (3) on a welght basis is much greater than
that retalned at 1/3 bar, 1nd1cat1ng that 1n the organic horizon at least, ’

"u5011 moisture is ahove field capac1ty at the beglnnlng of August.

4.2.3 . 8011 organlc matter ®

' Low organlc matter'decomp051t10n rates in northern regions, \resultlng
Rln thlck organ1c horlzons and shallow active 1ayers are thought to be
dﬁé/to low temperatures and high SDll m01stures Tedrow et. al. (1958)
| indicated that in northern reglons organlc matter accummlation was ﬁg
greater than its decompd$1t10n Douglas and Tedrow (1959) found that soil
temperature was the factor that pr1nc1pa11y controls the rate of organic.
matter decompo;itlon in ‘the Arctic. They reported that the hlghest rates
‘of decamposition occurred in Half Bog 50115 and lowest in the Arctlc Brown ’

'soils. Th1cker organlc layers wer'e assoc1ated with decreased organic matter

»
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decomposition rates due to lower temperatures when compared to habitats
w1th higher so11 temperatures (Douglas and I‘Arow, 1969 and Vasquevskaya
et. al., 1972)

£
o

Alexander (1916'1) attributed low decanposition rates in saturated - I '
anaerobic s0ils 'to the oxygen deficient environment in which aerobic
decomposition was much less s1gn1f1cant that anaeroblc deccmp051t1on

‘ Ponanereva (1964) stated that decanpos1t10n of taiga vegetatmn was slow
because of its low concentrations of nutrlents such.as calcium and nitrogen,
and its high content of re51stant compqmds such as 11gn1m wa:xes and
resins. Wilde and Krause (1960) speculated that cold boreal env1ronments
are c,émducwe to moss growth and that the rate of growth depends on the
degree of paludlfi\tatlon He;lma.n (1966) agreed with this and attributed

'. the paludification to the low density and sul?stantial insulating properties

of mosses. o /\/// o o o

Burled orgaruc honzons are ccmmon in  tundra 501139 Brown'(1969) '

postulated that buried org materials in tundra soils are a result of
~1ake erosiou, Wind deposit:i:nd cryopedological processes;; On level |
areas organic matter becomes buried by the upward movement. of mineral soils
, and subsequent bur1a1 of the surface horizon. On slopes, saturated soils

move domslope over the frozen mterface and in so doing, fold under and

bury the«surface_]rorlzon. o | ' ’
Orgarfic hor1zons are thickest in depress1on positions- ‘but smularS in

midslope and h111top p051t10ns 'I'hey are also thicker at 'Iummuk Pt. than

at the other two stations. On h111tops and mldslopes orgamc matter m’\"

\ . D ' ‘ e



in micro-depressions or hollows Sdrrounding hummocks is significahtly
thicker at p = 0.01 (12-* 1.2 am) than on hummocks (6.8 + 0.66 cm)
S
Organic matte:, as meaéured by‘weight"logs on combustion at 4506C, e
‘is greatest in surface hqrizons qf aepression positions, and least in
ofganic horizons of midslope and hilltop positions (Tablé 5). .Bulk
density of the organic horlzons was not determined, 1nstead the density
of the 2 mm fraction was meéspxed and indicates that hilltop organic
.horlzons have the greatest density while those in depfessiqn positions
are the least densé. Both deﬁsity and loss on ignition éfe significantly
. correlatied with pH andfwith each other (at p = 0.05). '
: N - . _
Table 5: Organic matter depth (am), content-(?ﬂ, and 2 m@ frac;iqﬁ'
| density amoné topographic positions from all study sites f

(n =.9 + SE).

Organic Horizon TOpqgraph;c'P051tloqu

tharaCtei%stics | ~Hilltop - \-1 Midslopé Depression
Depth. (cm) ' ioi_h____;_t_,-.z.is*'a*‘l' ©79.3 + 2.2 a 15 +3 b
/Lb’sis on 1gn1t‘6n< (%) - +3 " a 1 64 +3 _cab 71 | +4 b
Density (g/cc) 0.37+0.02a%  0.35+0.026ab  0.29 + 0.01 b

‘

* Any two means not followed by the same letter—are 51gn1f1cantly
) d1fferent at: 1 -p=0.01 . .
' 2 - p ="0.05 .
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4.2.4 Soil Nutrients

Numerous reports about low arailability of miheral nutrients in
Subarctic and arctic soils .are available (Russell, 1940; Sorensen, 1941;
B Kellogg and Nygard, 1951 Dadykln, 1958 Bliss, 1962; Korovin, 1963). |
This low ava1lab111ty has been attributed to factors such as low nitrogen
'fixation rates (Bliss, 197l), low decomposition rates‘(Douglas and Tedrow,
. 1959), the relativelybunweathered state of most arctic soils (Hill and
Tedrow, 1960), high soil moisture or poor‘aeration (Paul and Delong, 1949;
Glentworth 1947; Loach, 1966), evacuatlon of nutrients by ac1d leaching
(Ponomarev 1964), 1ncreased separatlon of mineral soil and nutrlents
fram the root zone because of the 1ncreased organic layer thickness (Heilman,.
: 1966 and 1968), 1mmob1112at10n of nutrients by permafrost (Pru1tt 1970),.
and by organic compounds (Salisbury, 1959).

T - : ' \

?recipitation, electrical dischargee and biological fixation by
symb10t1c or free living bacteria and algae are the usual means of
nltrogen 1nput into the soil. However, the two former processes are
minor in northern regions, s0 fhe greatest n1trogen input factor is:
. probably b1olog1ca1 f1xat1on This fixed nitrogen may be mineralized

into soluble forms such as NO - and NH, + which are used by plants

(Tisdale ‘and Nelson, 1966). . . - \

\
N

Ifr natural systems NH4 + N is by far the most abundant form of
mineral nitrogen, raﬁging from 25 to 350 ppm in organie horizons and from
2 to 5 in mineral horizoﬁs in a nimber of samples from Tununuk Pt. This

. compares to a range. of 0 to 7 pbm.in.organic horizons and 0 /to 1 ppm in



- mineral horizons of NO3 - N in the sama samples. Levels of leas than
10 ppm NO3 - N are considered low and levels greater than 20 ppm
considered adequate for most crops in agricultural soils in Alberta
(P.H. Laverty, Alberta 8011 and Feed Testlng Laboratory - personal

canmunication).

Soil farent material is tha'ultimate source of phosphorus. In most

soils, phosphorus availability is at a‘maximum in the pH range of 5.5 to
7.0, (Tisdale and Nelson 1966). Below this range, phosphorus tends to

be removed from the soil solution by complexing with iron and alumimm, -
while in conditions where the pH 1is greater than 7.0, calcium, magnesium,
and carbonates tend to preéipitate with phosphorus. In Alberta agricul-
tural soils, levels of available phosphorus below 10 ppm are considered low

”while,leVels greater than 20 ppm are considered adequate for most crops.

Potassium, like phosphorus, Originates‘in the parent materials,

but is found in much farger concentrations than phosphorus. Potasaiumf '
is considered to be readily available when found in the soil sblutidn,
or on the exchange complex. In.Alberta agri;dlturaf:soils; levels of
availablglpotassium‘below S0 ppm are canSidéred low-while thosevabove

100 ppm are considered adequate for most agricultural crops.

Analyses of samples in this study 1nd1cate thAt available nutrients
afe.low on;a soil dry'Wéight basis. Low concentrations have also been
reported by Heilman (1966 and 1968), Brown (1969) , Haag (1974) and Babb
(1974). In this study total N and available NOg - N in both the organic.

and mineral portions of the ac§gxi.iayer, are so negligible that no
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differences are observed among study sites or topographic positions
(Table 6). Since the NO3 - N form of nitrogen is a product of certain
decomposition processes which convert NH, - N to NO3 - N, the low amounts

of NO3 - N gives a slight indication of the decomposition rate yet it must ‘

be kept in mind that NO, - N is'a "luxury" form of n1trogen being taken

!

-3
up 1mmed1ate1y by plant Toots and m1croorgan15ms when made available.

4 Phosphorus and pota551um, on the other hand, show some differences
»among study sites and topographic p051tlons Both of the latter mutrients

show the greatest availability in soils on hllitop positions-and the

least availability in depression positions (Table 6). Among study sites,
o -

ava11ab1e phosphorus and potassium occur in greatest amounts in soils

. on the Caribou H1115 and in least amounts in Tununuk Pt. 50115 (Table 7)

Exchangeable cations, including calcium and magnesium, appeaf to
be most abundant in hilltop positions. Exchangeable caicium and soil
pH are highest in Tummuk Pt. soils (Table 7), and are also strongiy
- correlated (r = 0.89 at p = 0,01) in ail study locations.

From the infotmation about adequate and inadequate soil nntrient‘levels
in Alberta agriculturebeoils'it appears that only avaiiable NO3 - N and
phosphorus levels are inadequate for plant growth (in-tenns of agricultural
crops) whereas potass1um levels appear to be adequate for crop productlon

Since nutrient requlrements for natlve species’ in the study area are not

known, 1t is d1ff1cu1t to determine if nutrlent levels are actually 1n-'

-

adequate.
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Same major 5011 nutrients in the organic and mineral horizons among .

topographic posu:mns from all study aregs (n = 9). »
& l/ °
1 p
: Topographic Positions
Nutrients )
' Hilltop' Midslope Depression

Total N (%)% . . \ . .K

Organic 1.4 + 0.07a*  1.55+ 0.07 1.5 + 0.1a

lﬁneral 0.18 0.21 © 0 0.29
Available N (ppm m W" ‘ : .

Organic 0.5 - a 0.5. s 0.5 a

Mineral 0.0 0.0 0.0
Available P (ppm)© , ,

Organic ' 5.92:_ 1.1 a 3.58 + 0.06 ab 2.75 + ﬁO.S b

Mineral -0.83 - 1.0 e .0.83
- d |
Available K (ppm) - ) ,

Organic . 169.0 +20.0a - 130.0 +17.0” ab 90.0 +19.0 b

Mineral 130.0 ~ 108.0 ' 71.0

> Exchangeable Ca (meq/100g)° -
Organic 51.0 + S5.0a 50.0 + 6.0 a 40.0 + 7.0a
~ Mineral 10.4 .11.4 ' 11.6 .

*  Any two means in a ToW not followed by the same lett

d1fferent at p = 0.01 "
Kjeldahl nitrogen

0.1504 and Ag2504 soluble nitrogen

N{4 acetate soluble _potassium

a

b

c M{4F and HZSO4 soluble phosphorus
d

¢

m4 acetate soluble calc1um

are significantly



P
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Table 7:', Available soil phospohorus and potassium and exch&ngeable calcium
and pH in the organic horizons among study sites averaged over all
topographic positions: (n=9+ SE). ' :

Locations
Mtrients , ‘

- Twwnuk Pt. . Tuktoyaktuk . Caribou Hills
Phosphorus (ppm) . 0.77+ 0.35 a* - 3444+ 0.65 b 472+, 0.77 b
Potassiun (ppm) ' 82.00£15.00 a 132.00 +16.00 b 175.00 + 20.00 b
Calcium (exchangeable) 61.00 + 4.00 a . 33.00+ 4.00 b  47.00 + 7.00 b

(meq/100 gn) | | Bt
M 6.37 a 5.2 b 49 b

/ . . -

. Ahy_ (t,:wg means not foliowed by the same letter are significanﬂy different at:
Pp= 0. S. . ) ’ i ’ ) /

-3 -



'5.0 DISCUSSION
5.1 Parémeters unaff;cted by change in topogtaphic position

‘Several important parameters show no 51gn1f1cant d1fferences among
topograph1c positions. These 1nc1ude soil texture soil pH total catlon .
exchgnge capacity, and total and available soil nitrogen. As a result
they are not considered as'being iﬁfluenctial in promoting differences
in vegetation and nutfieﬁts. 2 - | N B

‘Texture of the parent material in all‘positibns and study areas,
ranges from loamy sand to sandy clay loam,* All study‘sites Have same
variation in texturé, but this‘slight cﬂange does not seem:to induce

vegetation changes. = |

Soil pH tends to be lower in depression positions, but the differences
are not significant statistically. As mentioned eérlier thougﬁ, pPH .
- of Tununuk Pt. soils is significantly higher than at the other sites, .

béing highly related to the calcareous parent material there.

v

‘The total cation ekchaﬁge capacity of the sampled’ organic horizoné
is highly variable. ’Means of 96,‘97,'and 103 meq/100 gm dry soil for
hilltop, midslope and depression positioﬂ; réspectivély were obtained.
These d1fferences are not significant enough to explain dlfferences in

plant and soil nutrients among topographlc p051t10ns

Data for total and available nitrogen data in the organic horizons . .

indicate no differences among topographic positions. Several explanatioﬁs B

*®

Q
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' can be given. Alexander and Schell (1973) working at Barrow, Alaska

have found that ‘nitrogen flxatlon by organisms in assoc1at10n w1th tundra

vascular plants is not nearly as 51gn1f1cant as f1xat10n ‘by the. lichens °

P?)%igerg spp}, Ste;::eauZon §pp. and the biue green algae Nbstoc spp.

in association with same mosseé. 'Wetter sites were always associated

' with greater fixation rates. In a'Swedish snbarééic mire, Granhill and

Selander (1973)'feund that nitrogen fixing blue green algae associated .
with' Sphagnum spp. and brepanocladhb'spp. are‘resonsible for higher |

plant production.

From this it anpears that'the input bf'nitr;;en‘by nitregen fixation
is greater in depre551on p051t10ns than m1dslope and h111top Hewever,
since decomposition rates are greater in the upper positions, m1nera1 |
nitrogen release would appear to be greater there. ThlS comblnatlon of
higher fixation rates in depre551ons\but greater decomp051t10n rates -
on hilltops may explain the snnllarlty ,f available sorlinltrogen among

topographic positions.

Soil temperature wonld be expected‘to<be greater in higher; better :
drained p051t10ns than 1n depre551ons However , Younkin (1972) in the
Tuktoyaktuk Penlnsula has. demonstrated that at a 10 cm depth on a clear

mid July day, soil temperatureg’were 51m1;ar in hummocks from hilltop and
bottom positions. Hollows'surrounding hnmmoeke on hilltops werereven |
slightly cooler than hollows in depressions. Hollows in all_positions'

‘were found to be 4 to 6°C coolergthan adjaqent hummdcks,'



5.2 Parameters influenced by changes in topographic position and site
5.2.1  Vegetation . . |

Corns (1974) has indicated for this study area, that the major
difference between vegetation on drder habitats, low shrub-heath type, |
and wetter habitats, herb-low shrub-heath type,’ 1s the dominance -of shrubs
on hilltops and 510pes and of herbs in depre551ons -According to Billings
and Mooney (1968) the most obvious adaptatlons of plants to severe tundra
or alpine environments are the reduction in plant helght and the tendency
toward a herbaceous habit. They observed that a greater proportion of
herbaceous species occur Beyond the timberline, indicating that conditions

{

‘there are less than optimum for shrubs.

w R
Herbaceous species appear to have special adaptations for their growth

in shailow, saturated, nutrient deficient ‘soils. Fﬁrstly, roots of grasses

and sedges in both low shrub heath and sedge heath types 1q.;hls study were

. found to extend down to the bottom of the active layer in the first week

of August On the other hand, dec1duous shrubs and evergreen heath spec1es.

have long roots or rhlzomes Wthh are concentrated near the surface 15 cm,

fbut in hummocks, often penetrate somewhat into the mineral portlon,
thé?eby creatlng a fine to medium gramlar 5011 structure in the top 5 to

10 cm of the mineral section. However, in depressions, the roots of heaths

and other shrubs remain w1th1n 10 cm of the soil surface, never penetratlng»

the m1nera1 portion of the. soil.. Roots of sedges however 1n these de-
pre551ons often penetrate the mineral portlon of the active layer In
fact, species such as Erzophorum vaginatum have.root tips that have a

unique tendency of actively growing at theupermafrost surface.

R



Similar observations have been made at other locations. At Uhdat,
Alaska, Bliss (1956) classified root aystems of 13 species into two
groups; ehrubs with rhizomes from which shallow adventitious, roots
‘arise, and grasses and sedges with primary or adventitioua roots which
"penetrate the soil and peat . to greater depths'thanighrubs -Eriophorum
vaginatum ssp. sptasum and Arctagrostts Zatszlza Toots were found A
;athln 0.5 to 1. 5 am of the retreat of the permafrost table. Younkin
_-(1973)Zon the Tuktoyaktuk Peninsula has made similar observatiOns for
Arctdgrostie latifolia. Dadykin (1958) reported that Serebryakov (1952)
has found root tips of this species 3 to Svcm in frozen soil at the

end of the growtﬁ:period;

Secondly, root systems in arctic regions’are large in comparison .
to those in temperate regions. Billings, (1973) and Sorensen (1941)
~attributed this to a lack of soii nitrogen Dennis and Johnson (1971)
- concluded that arcttt above ground env1ronments are.more severe than
below ground env1ronments and: thereby expfa1n the high root:shoot

ratios. Others (Billings-and Mboney, 1968; and Hadley and Bliss, 1964)
)1

' ~ have observed that most of the standlng crop is underground in arct1c

and alpine reglons because of the substantial energy storage capacity
.requlred below ground for plant survival during the long winter perlod
and during rapid shoot growth the follow1ng spr1ng The large below
to above ground ratio of 11V1ng mass of arct;c.specles appears to be
an adaptlve mechanlsm to cope with other factors such as water
relatlons and mineral nutrltlon, in addltlon to the malntenanCe of

carbohydrate reserves for early spr1ng growth (B1111ngs 1973)

- 40 -



In the present study, the factors for whlch plants seem to be
well adapted are factors associated with poorly drained habitats so
comnon in depressmns, and include higher moisture contents, thicker and
lees dense organic layers within shallower active layers, and lower

_availabie phosphorus and potassium contents.

5.2.2  Soil moisture

No.singie factor directly controls the distribution of plant
communities although certain factors may indirectly control parameters
which may be responsible for this distribution. »Soil moieturejigi

commonly recognized as controlling most local envitonmental and-vege- _
tation gradients both in alpine and erctic regions (Tedrow and Cantlon,
1958;'Billingsvend Mooney, 1968; Bliss, -1971; Billings;-1973).b In perma-
froet regions, soil moistu;e changes occurring‘in reéponse to tonographic
changes, influence differences in active lafer depth and organic matter
decomposition, density. and tthkneSS qbgether with active layer conditions
and organic matter properties, 5011 moisture is thought to be respon51ble for
available mineral nutrlent_dlfferences among topographlc positions within the
~ study areas and on similar pafent materials. These differences in available

nutrients may be responsible for differences in the nutritlonal status of

plant “and litter material and also for d1fferences in the herbaceous and

shrubby ‘habits of plants in depres%ions and hilltops respectively._

¢
T

Soil moisture as evaluated on a volume and weight basis is highest.
in sedge-heath‘dominated depression positions as reported above (Tahle 4).
On a dry weight basis, soil moisture among topographic positions in the

’
i
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organlc layer to some extent varies 1nver%$1y as the active layer epth.
may not control soil moisture dlfferences

In depre551on p051t10ns soil water moves very slowly, if at all,
through the shallow active layers. As a result, gaseous exchange becomes
limited and oxygen decreases as carbon dioxide concentratlon increases.
'Remezov et al., (1965) states that growth of most plants was inhibited
under cond1t1on§ where the soil air was composed of less than 9 to 12%
axygen and gfeatér than 1% carbon dioxide by volume. Under these conditions,'
anaerobic decomposition becames more important than aerobic, and taxic by~‘
products such as HZS’ CH4, and H+ are evolved’during incomplete metabolism
of organic carbon (Alexander, 1961; Geisler, 1965;'A1n$trong and Boatﬁan,
1967). Remezov et. ai., (1965) states that these gases, especiolly H,S |
are toxic to most plants except those such as Alnus spp., Spirea spp.

 and bog mosses. Further, most plants respond to good aéfltlon by root
ramlflcatlon and lengthenlng and to poor aeratlon by decreasing root
length and ramification and increasing root thlcknessf .Geisler (1965)
found a linear positive‘correlation between aeration éndf;oot lengthening'
but a negative conrelation between aefationHand'foot ramification. In

-this way, only those species survive in anaeroblc habltats wh1ch are able

to overcome the oxygen def1c1ency e1ther by hav1ng the ab111ty to supply

their roots with an 1nterna1 oxygen supply, or by extending their roots

la : :song dlstances above the oxygen def1c1ent -zone.

Armstrong and Boatman (1967) have shown “that oxygen translocatlon from

shoot. to root occurs in species such as Eriopborum angustifolium. The roots
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of "this spec1es are often surrounded by ferr1c oxide which has been
ox1dlzed and prec1p1tated around the oxygeh rich roots. They concluded

7 that . the internal supply of oxygen also oxidizes toxins such as HZS
thereby preventing the death of the plant. In this study, reddish brown
iron precipitates have been hoticed around dead Eriophorum vaginatum roots,
indicating that a similar mechan1sm may take place in this spec1es also.
Other species such as Rubus chamaemorus roots S0 cqmmon in depress1ons
of this study contained aerenchymous cells which allowed the plant to

f' .
survive on oxygea/deficient environments (Saebd, 1970).

Another aaaptation.of plant - growing in low topographic positions  _.-
is the ability to maihtain shallow Toot systems, enabling them to grow
as near to the soil”surfagg;af:possible. This‘meohanisﬁ“has'been postu-
v lated by_Dennis andfbohhéoh‘(1971) as a means by which roots may avoid
low 5011 temperatures However, 1t may also be a mechanlsm by which
plants occupy only the - oxygen suff1c1ent zones such as those found in
hlgher m1crotopograph1ca1 51tes Wright (1959) fokd the root1ng zone
of trees to be restricted to the surface of saturated peats in Europe .
Tamm (1950).1nd1cated that trees on Swedish swamp soils usually have.

a very superficial root system because of higher oxygen concentrat1ons '

near the surface. Saeb¢ (1970) found that Rubus chamuemorus usually

\

. occupled hummocks rather than hollows on wet Nbrway bogs

Kl : -

In depression positions in'this study, shrubby species such as
Betula nana and Ledum palustre extend their roots only’5 to 10 am into

the organlc layer and often grow on tussock 51des, p0551b1y contactlng

. - -
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N

a more ‘oxygen rich zone there. However, spec1es adapted to th1s anaeroblc
habitat, such as E’mophomn vagmatwn and Carex spp extend their.roots
completely mto the anaerobic zone This has also been observed by .

Chapin (1972) in northern Alaska. -

5.2.3 Soil organic matter -

The degree of organic matter deconmbéitfon as indicated by organic

Ce __hbnzon dens1ty is somewhat related to 5011 m01sture perecentage: (on a

—

) dry welght bast-s) at'r = 0 6 at p = 0.01. 'I'hls is in agreement with

\Alexander 11961) who states that the decay of the major plant constltuents !

is depressed as the supply of oxygen d1m1mshes Further, a depressmn of
b9

' decay rates results in the accmmm.xlatmn of oréamc materials being greater

ﬂxan loss by decomp051t10n

4 . | « .
Table 5. iﬁdicates that the surface organic horizon is-de er, 1es_s

)

. dense and contains more organic matter in depressic'm positions than in ..

mldslope or h111top pos1t10ns Of the total 5011 volume w1th1n the act1ve -

' layer the orga.nlc portion occuples 40% of a typical hilltop proflle

and 75% of a typical depression proflle. Of the two transects 111ustrated

(Figures 4 and 6), the hilltop transect actlﬂve layer occuples '31% more

-of the Cross sect10na1 area than the depresslon active layer transect.

ThlS -indicates the importance of the organic layer on -act:.ve layer

propertles . It is also eviderit that orgamc 1nsu1at10n propertles

Pl

have a much greater effect on variation of actlve layer depths on

- hilltops and midslopes than on active layer depths 1n depressmns The - -

reason for -‘thls is the regulatory effect on 5011 temperatures Jmposed

] Q



. . o
by the bigh moistnre regimes in depression"positions;! The result is
an active layer of fairly imiform depth in depressions, whereas on
hilltops, although 'soil genperatdres may not bhe aﬁy higherffﬁan in
ndepressions at 10 em (Younkin,'1573), drier conditions exist which allow
‘a more rapid rhaw of hummock; with low ice and water contents;!and very
- slow thaw rates.of-hollows under the influence of enhanced insulation

properti¢s due to thick organic,layers.
. , : 0 i .

Two 1mportant condltlons are11mposed on plants

thick organic horizons such as thosé'ln depre551on p051t10ns and in hollows

e

surrounding hummocks on hllltops Flrstly, plants growing on tthk organic
_ horlzons a:e somewhat elevated above the mlneral 5011L thereby be1ng seﬁarated
from the mineral soil. The degree of separatlon depends on the Organlc

layer thickness. Since the m1nera1 soil is: the maJor source. of several
maJor nutrients such as phosphorus and potassium, piants whlch can not

xtend thelr roots into this zone because of the1r elevated positions, must
‘ derlve those nutrients from the7organ1c layer. Secondly, th1ck organic
horlzons of low den51ty, whlch are responsible’ for shallow actlve layers by
virtue of their 1nsu1at1ng prbpertres occupy the maJor portlon of thetactlve
layer, leaving only the remaining minor portlon to be occupied by mlneral
material> As a result of the decreased m1nera1 volume, smaller amounts

of mutrients fran this region can be released by weatherlng, agd taken up
by roots to be eventually deposited on or: w1th1n the surface organlc '

horlzon These processes have been shown by Hellman (1966 and 1968) to

(2]

be responsible for paludification of forests in central-Alaska: L

& U gtk . a - ’
P’ I X
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Organic horlzons on h111tops and m1dslopes are alternately shallow
on hummocks and deep 1n holloWs Also, m1nera1 5011 wh1ch ‘occupies
5approx1mate1y 60% of the active layer, is slowly being circulated inside
the_hummocks by frost processes, aldlng in the weathering processes. Since
sh;ubs are common in these topo&rdphic positions, and their roots extend
laterally for long di;tances (Bliss, 1956), their chances'of contacting

the mineral zone are high.
|

The eombination of thick organic horizons and high moisture cContents
mould seem to be partially responsible for the low occurrence of shrubby
spec1es in dépre551on positions. Adapted sedges and grasses though are
not only able to cope with the anaeroblc condltlons imposed . by these .
high moisture. regimes, but also to penetrate through th1ck organic horizons

~into mineral portlons of the active layer thereby tapplng ‘the most “
1mportant source of several maJor mlneral nutrients, and aiding in the '
upward movement and cycling of those nutrlents This is espec1a11y true
of Eriophorum vagtnatum,‘whlch is ideally adapted to soile with reduced
.temperatures,xlow nutrient'cohtents, shallow active layers and low oxygen
cohcentrations. | r |

This species extends:its toots deep'into.the_active iayer, thereby
contactihg nutriehts such~as‘phosphorus which move only slowlyvby‘diffusion,
'Secondly,mghapih (1972) has demohstrated that Eriophorum has the ability .

\\to produce roots at 40% of maxlmum production at soil temperatures as
" low as S°C, wh11e a temperate spec1es -Seirpus under similar conditions
could only produce roots at 15% of max1mum'product10n. Thln‘%g, the

Eriophorum tussock has been called a self sustaining "islahdﬁ#hecagse
.. o ! .

!
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- of its efficiency in translocating nutrients.from leaves to rhizomes and

. roots, before anal leaf die back (Goodman and Perklns 1959). These
adaptat1ons plus the tussock form of this species, makes it 1mportant

in depression p051t10n5 because of the ability of 1ts root mass to contact
a large soil volume, thereby contactlng and transferring nutrients-to the
upper portion of the active layer ohere they ;re then concentroted.

-

Heath species occur on all topographic positions because they do
5o
not seem to be limited to any partlcular moisture conditions, perhaﬁgp

because they are well adapted to low nutrient condltlons and have shallow

—-—r——

root systems which occupy reglonssof 'highest oxygen concentgatlohs.
5.2.4 Soil and'plapt<nutrients

The release of mineral nutrients into the soil environment in the
" form aVaileble to plants deoends oh the réte of weathering of the parent .-
materlal and the rate of decomposition of the organic portion of the
5011 profile.- Slnce both thesp processes are retarded in arctic reglons,
avallable nutrients are generally low in comparlson to temperate agr1cu1tura1 .
»150115 ~ Low concentratlons have been reported by Kellqubznd Nygard (1951),
Hellman (1966 and 1968), in central Alaska, Brown (1969) in rorthern Alaska
Haag (1974) in the Tuktoydktuk Peninsula and Peters and Walker (1972) on

i

Devon sland.

(9

Most nutrients, when released in the'decay or weathering process, are

Y

used by microorganisms and plants, or become unavailable by complexing

with organic compounds or metallic jons. Mutrients such as N03 - N are

o
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fairiy mohile, and may be supplied by mass flow to the plant root from *
the total soil volume within the root zone. However, less'mobile nutrients,
such as’ adsorbed phosphate may be supplied to the plant root by- diffu51on '
only from the nnnedlate vicinity of the root surface (Bray, 1967 and Nye,
1968). In addition, since most of the phosphorus absorption ‘occurs in the
root tips, the greater the e§ploitation of the soil volume by, the roots, ’
the gré&ter the amount of phosphorus absorbed (Tisdale andiNelson, 1966).

In this study, of the three major nutrients, nitrogen, phosphorus
and potassium in the organic horizon, differences in the availability
of soil phosphorus and‘potassium‘ere most pronounced. These differentes
occur among study areas as well as topographic positions. The availability
~of these‘two nutrients yaries et the séme:rate (r“='0.82 at p = 0.01),
indicating that conditions, such as weathering and decomposition rates
icontrolling their release and aVailability, are similar. The differences
in the availability of these two nutrients seem to 1n£1uencewd1fferenges
found in live standing crop n1trogen and phosphorus among topograﬁ!ic
positions. Available soil phosphorus 1s‘correlated with standing crop
nitrogen (r = 0.50 at p = 0.05), and with phosphotus (r = 0.58 et‘ B
p = 0.01) while available soii potassium is correlated_with standing erop
'nitrogen (r = 0.57 at p = 0.01) and with phosphorus (r = 0.58 atrp’ b 61) *g&,
_H6wever no relationship ex1sts between total or available soil nitrogen
and standing crop nitrogen phosphorus or pota551um

It has been suggested by various researchers in thé past (Russell,

1940; and Sorensen, 1941) -that meéger plant growth in the Arctic is

- ’ R h - e -
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'related to low levels of soil nitrogen; Investigations by several workers.
in the Northwest Territories and Alaska have not identified any single
nutrient as being most- limiting to plant growth in the Arctic. Both
nltrogen and phosphorus and occa51onally fertlllzer appllcatlons have

.1n1t1ated responses ‘in plant growth

Work on the Tuktoyaktuk Peninsula by Haag (1974) has demonstrated
that additions of nitrogeﬁ alone to.native plant systems had a significanﬁ ,
positive effect on plant productlon in two habitats, whereas the addition

\\_uf phosphorus had no s1gn1f1cant effect on plant productlon .except in

combination with nitrogen, when evaluated during one grow1ng.season“

Others, though, have found that addltlons of ph65phorus initiate
9a greater growth response in 1ntroduced and native grasses than addltlons
~ of nitrogen (Laughlln, 1969; Younkln 1972; Mitchel, et. aZ 197 )
- that greatest responses &ccur w1th addlsi?n of n1trogen and phosp TUS
in combination. Younkln s plots which were monitored for three seasans ,
at Inuvik and Tuktoyaktuk, N.W.T,, indicated that plant height, biomass |
and seed head production of severaltihtrodoeed grasses, were increased
with‘phoephorus additions alone and also in combination with nitrogen \\
and lime. But n1trogen and 11me alone had no benef1c1a1 effect (Younkin,
1972 and Hernandez, 1973) _ " ' ’
Laughlin (1969), worklng in south central Alaska, demonstrated that
over a four year perlod phosphorus agpllcatlons alone increased productlon

of native C&Zamagrostzs canadensis more than h1gh levels of nitrogen
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application alone, and that additions of nitrogen and phosphorus in
combination initiated the greatest responses. Additions of potassium o

were beneficial only in combination with phospﬁorus.

Mitchell (1973), also working in Alaska with various 1ntroduced .
grass spec1es indicates that plant growth benef1tted from phosphorus :

and potassium additions, but not from nitrogen applications alone.

i

Phosphorus deficiencies have been assoc1ated with cold, saturated
i

organlc.501ls by some European and Russian workers. Sa11sbury (1959)
has indicated that phosphorusndeficiencieé,are characteristic of organic
soils, since pho;phorus in combloation with organic matter is not very
| available to plants Zhurbitsky ahd Shtrausberg (1957) Shtfausberg :
.(1958), and Korovin et. al. (1963), have 1nd1cated that phosphorus uptik |
by plants was limited by low soil temperatures, thereby inhibiting assunlla-
tion of nitrogen into nucleoprotelns Glentworth (1947) and Paul and Delong

(1949) indicate that under waterlogged'conditions,'available.soil phosphorus |

~was often low because of loss due to its solub111ty in the gley zone

. of the soil proflle. In addition to low phospohorus contents in waterlogged
~ soils, Pearsal (1930),'Armstrong.and Boatman (1967), and Loach (1968),

) lndicate that the uptake of phosphotusiwas often redueed by ferrous iron

precipitatates around oxygen rich roots of plants.

v
Lo

Others have attributed phosphorus deficiencies in arctic and sub-
arctic soils to <onditions associated with the organic horizon thickness.
Heilman (1966 and 1968) has demonstrated that the ability of plack spruce

Lo
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to'extract nutrients from theusori decreases as‘the organic horizon
thickens. In other Qords as plants become elerated above the mineral
soil by the thlckenlng organlc layer their roots become more and more
isolated from the source of several major and minor nutrients. This
"problem becomes accentuated in permafrost reglons where the volnne of
mineral soil decreases as the organic iayer thickens, further reducing
the potential of nutrient release. Low_phosphorus levels have'also

been associated with shallow soils or 1ow soil volumes in California

(Jenny, ét. al., 1950).

Tamm (1965) substantiates this in his study on drained peatlands

- and well drained forests in Sweden. He found that forests on well drgine&
mineral soils responded to nitrogen fertilizat;on but not to phosphorus

and pota551um, whereas trees an drained peatlands, which were well elevated -
above the mineral soil, responded to phosphorus and pota551um to a greater
extent than to nitrogen app11cat10n Wr1ght (1959), investigating water-

~ 1ogged deep peats in Britain, 1nd1cates that young trees showed much greater'
responses to - phosphorus appllcations than any other nutrlent He fbund that _

nitrogen def1c1enc1es in tree needle tissues could be corrected: by phosphorus;

1]

apphcatlons I | NE

From the literature it appears that the"phosphorus and potassiumm
wstatus of soils depends largely on the mineral soil volume available
‘to supply these nutrlents Heilman (1968) demonstrates . that’ the total
quantity of nutrlents on a soil volume basis to a depth of 50 cm was

-much greater 'in mirkral than organic soils in central,Alaska. In this
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study the total quantlty of nutrlents rn the m1nera1 portion of the
active layer ‘is generally greater than that found in the organic horizon,
11tter and standlng crop ‘cambined (Table 8) assumlng that the total 5011
phosphorus cghtent of a sample is at least frfteen t1mes greater than

~ the ayallable phosphorus content as demonstrated by He;lman (1968). It 7
would appear that the removal of the standing crop, litter and organic
:‘horizon,.followed by a deepening active layer, would 5erve7to;expoee

a larée nutrient reservoir to colonizing piant species. This iarge
nutrient reeervoir may be partly responeibie for the increased vigdr of
colonlzlng spec1es observed by Hernandez (1973) and Younkin (1973) in

various dlsturbe& areas .on the Tuktoyaktuk Peninsula.

Having established that:'soils in depression positions have lower
levels of phospherus.and potassium than soils on hilltops and midslopes

and that m1nera1 horlzons generally contaln more' total nutrient quantities.
than organlc horizons, attention should be d1rected to the response of
vegetation to these 51tuat10ns. It 1s‘recognlzed_that plants grow1ng in -
depression positions are‘adapted to a nutrient and oxygen deficient:environﬁ
‘ment. Heath species'naye adapted to the oxygen deficiency by being very
shallowly rooted. This makes them susceptible to nutrient deficiencies,
espec1a11y phosphorus because of the1r separat1on fram the mineral soil.
Their high. degree of sclerophylly may be an adaptation towards thlS phosphorus.
- deficiency. Herbaceous species, on the other hand, such ds Eriophorum, ‘
.have adapted to the oxygen,def1c1ency by prOV1d1ng aé\lnternal oxygen

~ supply to the roots whjch extend deep 1nto the anaerobic region. Their-

large root system which penetrates through,the organfé’horlzon-lnto the ,;
o o) . '



Table 8: Dry weight and total nutrients of the standing crop, litter, and
organic and mincral horizons among topographic positions from

all study sites.

Data are based on all material within the

, 8ctive layer on August 5, under a surface area of 1 m“,

-Total nutrient

" Topographic
positions and- Dry weight (g) :
plant and soil * Weight (g) , 2
components P K
Hilltop a . v
Standing Crop 891 9.8 0.93 2.5
" Litte® © . 656 9.1. 0.70 1.0
Total 1547 18.9 1.63 3.5
Soi1? . o |
Organic 37,000d 518 (total) 0.22 (available) 6.3 (available)
Mineral 450,000 810 ©0.37 ! 58.5
Total 487,000 . 1328 0.59 64.9
Midslope .
Plant ’ ’ .
Standing Crop 887 8.8 0.83 2.2
Litter 687 - 8.5 0.66 1.0
Total ' 1547 17.3 1.49 3.2
Soil - '
" Organic - 32,500 504 0.12 4.2
Mineral 475,500 © 998 0.47° 51.4
Total 508,000 1502 0.59 55.5
. Depression :
Plant , .
Standing Crop 775 - 6.3 0.62— 1.8
-Litter C 211 2.2 0.18 0.3
Total 986 8.5 0.80 2.1
Soil : ' :
Organic 43,500 652 0.12 * 3.9
Mineral 225 ,ogo ' 630 0.18 15.9
Total 268,500 1282 0.30° 19.8

a  Standing crop and litter N,' P and K are based on data from Table 1.

b Total soil N (Kjeldahl) and available soil P (M .F and i
K (NH4 acetate soluble) are bgised on data in T

abie 6.

2504 so:lubl_ej _

c Organic horizon weights = density x thickmness .(Table 5).

_ d Minecral horizon weights = density (1.5 g/cc) x. [orga'nici horizbn'thichess
(Table 5) - active layer depth (Table 3)]. . i

,“‘.

Id
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. shallow hineral region is an aaaptation to the immobility and deficienhy
of phosphorus. Youhkin (1974) working in the Tuktoyaktuk Peninsula,
speculates that the ability of Aéctagrostis latifolia Toots to penetrate
and:take'up nutrients'ih cold'mineral.regions of the”active layer, may |
perﬁit~it to extend itsvgeographicalxrange ﬁell north of Calamagrostis
oanadéhsie, which has its roots restricted to the warmer surface organic

horizon where competition for nutrients may be gredter.

4

| In other regions, slow rates of plant growth; nitrogen deficient
soils and sclerophyiious veéetation have been associated with phosphorus-
deficieht soils (Loveless, 1961; Clarkson, 1967). .Watt (1966) working -
in northern Minnesota.peatlahds, fognd that,bothﬂnitrogen and phosphorus
applications produced growth responses in black.spruce leaders, but
this response was markedly ihgreased_when these elements‘were applieo
in combination. Wbrh in Australia by Beadle (1953 and 1954), demonstrates
that floristics and commmity structure were determined‘either directly
or indirectly by 5011 phosphate content, rather than by soil depth and
n1trogen - He indicates that sclerophyllous vegetation commonly occurs
on phosphorus deficient 50115 and that these soils were often n1trogen
deficient as well because of th: 1nf1uence of soil phosphorus on the

T

- growth of nitrogen fix1ng organlsms assoc1ated with legumes

In the troplcs Loveless (1961) has found that sclerophyllous
{::)vegetatlon is usually assoc1ated with phosphorus def1c1ent soils, rather
than any specific wet or dry habitat. He has demonstrated that the distinct

negative correlation. wh1ch exists between the degree of sclerpphylly of
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species-(cgsggepfggggn%% x 100) was associated with low phosphorus contents
in leaves of some tropical species, and the suggestion is made that the
ability to tolerate low phOSphate and nitrqgen'ievels could be a characteri-
stic of sclerophyllous vegetation. He indiceted that the degree of
sclerephyllthas essociated<with protein rather than fibre contept, and that

the correlation between crude protein and tissue phosphate was significant.

When these cénéepts are applied to data in this Study, similar - o
results are obSefved. The-degree of sclerophylly is significantly
lower in the Caribou Hiils vegetation than at the other two sites,
: being greatest'at Tununuk Pt. This corresponds favorably to data on
available soil phosphdrus'which is higheet in Caribou Hills ahd lbwest
in Tumunuk Pt. soils. Lowest concentrations of phospﬁorus and potassium
are also evident in Tununuk Pt. plengttissue (Table'S); Furthermore, a |
significant negative eb}relation exists between vegeta;ion selerophylly
and tissue phosphorus content‘(r = 0.54 at p = 0. Oi) ‘Loveless has in-

"dicated that these relatlonshlps do not necessarlly provide proof for the §%
X

_ dependence of sclerophylly on soil phosphorus levels. He and others in-
dicate though, that sclerophyllous vegetation in other areas of the world

: 1rrespect1ve of habitat, is often assoc1ated w1th soil phosphorus def1C1enC1es

,

Khughey, 1945 and Beadle, 1954)

When these concepts~are'app1ied to data in this study, similar
results are observed.v The. degree of sclerophylly is sighificéntly lower
in the Carlbou Hills vegetatlon than at the other two sites, being greatest

~ at Tununuk Pt. ThlS corresponds favorably to data on ava11ab1e 5011 phosphorus.
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are not 51gn1f1cant but~1q41cate that lower phosphorus concentrat1ons
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-
wh1ch is highest in Carlbou Hills and lowest 1n Tununuk Pt. soils.
Lowest concentratlons of phosphorus and potassium are also evident in’
Tununuk Pt. plant tlssue (Table 3). Furthermore a 51gn1f1cant negatlve
correlation exists between vegetatlon sclerophylly and tissue phosphorus

content (r =_-0,F!i: tp= 0 01). Loveless has 1nd1cated that these relat1on-

w1th Soil phbsphonﬂﬂfdef1c1enC1es (Caughey, 1945 and Beadle, 1954).
v I ' .

_ A 51gn1f1cant1y greater degree of sclerophylly exists 1n TUnunuk Pt
than in Carlbou Hiils standing crop (909 vs. 684 at p = 0.01). Tununuk
Pt. 1s the most calcareous site of the three, hav1ng the highest 5011
pH w1th the lowest phosphorus content whlle Caribou Hills soils have
much lower 501%'pHs and the h1ghest soil phosphorus contents Dryas

8

*'zntegrmfblza is qu1te abundant at Tununuk Pt. This speC1es possxbly
"_contrlbutes to the high degree of sclerophylly observed there as it
- occurs in all topographic. p051t1ons 1nd1cat1ng that 1t is ndt restrlcted to |

f _one habltat or drainage type. Kellogg and Nygard (1951) have reported

that Dryas plants from alpine meadows in Alaska are found on soils h1gh

in ca1c1um, and the plants themselves are high 1n ca1c1um but very low

. 1n phosphorus, the 1mba1ance poss1b1y cantrlbutlng to nutrltlonal dis-

B

turbances 1nrDa11 sheep

. /
: D1fferences in degre:azf sclerophylly among topographlc p051t10ns

P
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ln depression positions may be partly responsible for the higher degree
of sclerophylly found there (775 + 44), than on h1gher topograph1c'

pos1t1ons (874 + 66)twhen averaged over all study 51tes. L

It appears then that- low avallable soil phosphorus- concentratlons )
’ may be partly respon51blb\for the vegetation distribution within the study
" area Locally, depression p051t1ons are most def1C1ent in phosphorus ;'
and usually contaln sedges and heaths wh1ch are adapted to phosphorus
deficient enviromments by virtue of deep soil penetrat1on by their roots
(sedges) and by the1r sclerophyllous nature (heaths) Regionally, Thnunuk
Pt parent materials are calcareous w1th the most phosphorus def1c1ent
so1ls ‘and support more sclerophyllous vegetat1on than Tuktoyaktuk and
the Caribou Hills. Perhaps as has been shown.by Korov1n et al.,- (1963)
and Dadykin (1958), a phosphorus def1c1ency limits the uptake and. ass1m11at10n
Qf nltrogen by plant roots. Consequently, evergreen heath species are .
favored in these sites because of their low photosynthetlc rates (Hadley
and BllSS 1964) and slow growth rates which enable them to conserve
and translocate amino acids, rather than producing anmally new, high
‘x proteln leaf tissue as deC1duous specles do. Clarkson (1967) has suggested
that low rates of proteln synthe51s are an adaptat1on of ‘species adapted |
to phosphorus def1c1ent soils. Deep rooted sedges are also favored.ln
these sites because of their ab111ty to overcome the,phosphorus deficiency
‘by extendlng the1r roots beyend the' organic hor1zon 1nt0\the cooler, .denser
.‘mdneral regions of the proflle where closer: root 5011 contact may enable

‘them to take up requ1red nutrlents such aS‘phosphorus more eff1c1ently S



SUMMARY AND CONCLUSIONS |
S1gn1f1cant changes in several parameters occur locally between '
-upper and lower topographu: 8051t10n5 and reglonally among study sites.

They are 111ustrated in Tables 9 and 10

4§
4

1 'Dif,ference’s' "Between topographic positions

Table 9: Cqmpari'son‘ (in terms of percentage change’ in major‘paramete'rs)'

' 3f ‘depression positions with hilltop positions in all study ar'eas. -

. - 4 . . . N : .
- ' . Lo v N
v . ‘. . ' - ‘ ~

. Parameters ‘ 5 S o Chem°ge *%)

a - e s

5011 moisture (volume in organlc honzon) + 36
Loss on 1gmt10n (orgamc matter) R -+ 25
Orgamc horlzon th1ckhess L “ " e ' ', + 50
‘Mineral horizen thlckness S o o o _ - 57
Organic horizon density R s -2
© Active layer depth | - o : - ©- 30
Avallable soil phosphorus (orgamc horlzon) g - o 4 - 53
Avallable soil’ potassmm (organlc hor1zon) . - 46 -
. / Te .
: Standmg cr,opg%r gen R / .‘ o - - 24
Sta.ndmg crop phosphorus . /’ L . . ?‘: " - 21
_ ;‘Standmg_ crop potass:.um - '/ S , : - 14
¢ - ]/ — — R
[y R "/ . . i
= r' - ‘. /> . . b
/ : .
o - 58 -
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a., Jt abpears‘that the 36% increase in soil moisture between hilltop -
- . ' ! P

and depression positions is ultinlately res'pensib_le for changes in several
dependent variables between hilltops and depressmn p051t10ns - The
increase in soil moisture retards decomp051t10n of the surface organic
‘horlzo'n, allowing this horizon to maintain a ldider deh51ty and a re-
sultlng greater thickness in depression p051t10ns The lorver density

and greater th1c1mess in turn comBine with the h1gh sq#l moisture

! N
,m,these depressmn positions to re%ard active layer depth increases in

comparg.son to hilltop positions. ' BRPR
‘ \ | . .
b, The 57% decrease in the miner;if horizon thickness, which is a result

of the increase in organ‘ic horizon thickness and decrease in active layer

thlckness between hllltop a.nd‘depressmn positions, is largely respon51b1e '

for the 53 and 47% decrjrfse m dry welght available 5011 phosphorus and

r1

potasslum respectlvely because thls horlzon is the only absoluté’ source of

: these nutrlents. : S . . , : f?,‘

“ .. 1

3/' Decreased levels~of soil phc@horus potasslum and- oxygen (saturated,
anaeroblc condltlohs) , in comblnatlon w1th increased organic and decreased

mlneral Volumes are respon51b1e for decreases in standmg crop’ nltrogen,
phosphorus and potassmm between h111top and depressmn p051t10ns. o
A ‘ ¢ - - v% . v

. . . , » ,‘ -
d.. In terms‘ of\vascular species, the visible‘- ressmn of the above

r

dlﬁferénces is the predominance of shrubs on topsw:ncL sedges 1h de- e

%res;sibns. Since deciduous shrub roots tend to. aVOJ,d oxfgen defléient {;»

reglons of the active 1ayer by extendlng laterally fOr 10ng dlm wis
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shallow 'depthstinste* of 'downward, they'-survive ‘hest on sites such as
hilltops where '- the: org'ahic horizon contains higher levels of nutrients
than depression positions.',‘ and where their roots can readtgly contact
- the near-su_rface mineral horizon. _ : | :' “ ‘?.
| a w ! hb - . T .
| Sedges, on thzther hand have roots which are able to utlllze
all pBSthIQ of the active layer, m1nera1 as well ‘as orgamc by be1ng

tolerant to Qcygen def1c1enc1es
.\a . : .

Heath spec1es appear to survive on both hllltop and depressmn
habltats al‘though in depressmns they appea‘r slightly chiorotlc when “ .
'compared to those on h111tops " Thir succes.g in bgth env,lromnents dasplte
the tendenw of their roots//to occupy only the surface 10 cm of the
active layer, is possibly r[elated to their slow growth rates, wh1ch in

’”vﬁ' cg ‘

other species and -regions have been related to phosphorus deflc‘ienues
(SO

(Clarkson, 19757/‘3 In add tlon,’ they are evergreen, so do not need to produce
annually large amounts oﬂ photdsynthetlc %aterlal whlch muld requlre 1arge’

-amounts of available soil nutrients. g ! " ,

{ . @ . L .
-

A
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2. Differences among study sites

TableL'/lQ; Significant ‘c'habnges in maj or parameters between study -
Y .
oL sites, a“"aﬁed over all topographic positions.
» \ T e

[

. _Fhanges due to location (+ %)

Y

'I‘uktoyaktuk to Caribou Hills
Tununuk Pt. to Tununuk Pt.

S c
=
| | | \

” Exchangeable soil calc‘1um (organlc horlzon) + 84 . ‘ + 30
Soil pH (organlc horizon) + 235 LT 30
Densn:y (organlc horlzon) | . o v 23 . +.26
Avalleﬂale sol1 phosphorus (organlc horizon) 77 A. - 8
Avallable so1l potassmm (organic horizon) - 38 | . - 53 .
Standmg Crop »ca1c1um L C S+ 97 - + 14(;
Stand’ ing crop- phosphorus | ,‘«2»“ k L.t 12 (n.s.) - 8 (n.s.)
Standmg crop potassmm . *.:i‘\ ° - 25 , - 8 (n.s.v)‘
Standmg crop sclerophylly " | . +11 (n.s.) "*«s,‘ + 33 o

. % |
. | ‘~‘

n.s. = not 517uf1caf;t &

o'l

than at the ther two-, study sites. As a result standlng c?op 0T ,

g% b & -
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\

and potasswm concentratlons at 'I\munuk Pt. are -lower than at the other
v 4

tWo sites. . These lower c0ncentxtat10ns may be resp’on51b1e A

standing crop scier vlly at Ttmunuk Pt. and may -also‘ 3N
Mcompared to

abundance of the evergreen species Dryas zntegmfolta
. . B -

~

the other two sites. / '

. The 51gfﬁf1cant1y h-ighef.-erga;nic horizon dené‘ity:et Tbnmiuk"Pt. e
reflects possible higher ‘decmq')osition rates ,there due to high— calcium . NN'U
concentrations in plant tlssue as has been suggested by Ponomereva (1964) \
However, these higher decomp051t10n rates do not appear t&’be respon?ble |
for hlgr 5011‘ putnent 1evels Alse greater organic horlzo‘r; density
-conditions do not. appear tov initiate a greeter degree of'dptiye iaygr. N ,.

melt-out. ’ \
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